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100mmol/L 双氧水诱导下，Caspase 3 活性增加，到 24h 时达到最高已至初始活
力的 2 倍，ROS 活力也增强，到 24h 时已至初始活力的 4 倍，且 Caspase 3 活力
与 ROS 活力变化趋势相同；在黑暗断气处理条件下，Caspase 3 活性与 ROS 活
力也有明显的增加，且趋势相同，在 12h 达到两者的活性最高点后缓慢降低，
Caspase 3 活性最高可至初始状态的 4-5 倍，但 ROS 活力增加幅度不高。在 DNA







Caspase 3 和 ROS 在 PCD 的信号通路中扮演了重要的角色。 
 
















Algal bloom is a rapid increase or accumulation in the population of algae in a 
certain nutrients, climate, hydrological conditions and biological environment. It is 
closely related to nutrients, water temperature, light, oxygen and some other 
environmental factors. In the later period, massive algae die because of mass 
propagation of algae and bacteria, which increases oxygen consumption of water and 
lead to oxygen shortage.And this kind of death was presumed to be programmed cell 
death. 
In order to verify it, Microcystis aeruginosa PCC7806 as the research material 
was gived a oxygen limitation by stopping oxygen and light supply in photobioreactor 
and 100mmol/L hydrogen peroxide stress as the positive control.And then, reactive 
oxygen species (ROS) activity and Caspase 3 activity in algae were detected, the 
DNA fracture was also found with the methods of TdT mediated terminal 
deoxynucleotidyl transferase-mediated dUTP nick-end-labeling (TUNEL) and gel 
electrophoresis of chromosome,as well as the changes of DNA  content by PI 
staining,while morphological changes were observed using  transmission electron 
microscopy (TEM) technology. 
It was found that the numbers of algae cell both reduced in the two inducing 
condition as time goes on. Under the 100mmol/L hydrogen peroxide-induced stress, 
the Caspase 3 activity increased and reached its highest after 24 hours, which was the 
double of its initial value; The ROS activity, which had the same trends as the Caspase 
3, also increased and was 4 folds of its initial activity after 24 hours. In the condition 
without oxygen supply, the activity of Caspase 3 and ROS were both increased and 
had the same trends, which achieved its highest after 12 hours and decreased slowly. 
Although the highest value of Caspase 3 activity was 4-5 folds of its initial values, the 
ROS value didn’t increase much. At the DNA level, the damage induced by hydrogen 















more obvious DNA fragmentation phenomenon in the former. Furthermore, the effect 
on DNA content was different in two conditions.At the morphology level, the algal 
cells were found to had same morphological changes which was similar to cell 
apotosis using TEM technology. As the time goes on, the ribosomes and the 
thylakoids disassembled, Floc deep chromatin deposited, then the nucleus disappeared, 
nucleoplasm diffused around, the whole cell structure disaggregated; after that, the 
cell homogenized, and the cytoplasm assembled, which produce a vacuole; at last, 
plasmolysis occurred. although its shrivels was observed the cellwall remained intact 
but cytoplasm degradated. 
The experiments results indicated that both the hydrogen peroxide and oxygen 
deficiency could induce Microcystis aeruginosa PCD. Meanwhile, the Caspase 3 and 
ROS play important roles in the PCD signal pathway. 
 

















                                                                           
缩写              中文全名                                英文全名                               
PCD           细胞程序性死亡                        Programmed Cell Death   
ROS            细胞内活性氧                         Reactive Oxygen Species   
Caspase 3       半胱氨酸蛋白酶                  Cysteine aspartic acic specific protease 
TUNEL    脱氧核糖核苷酸末端转移酶（TdT）       Terminal deoxynucleotidyl transferase- 
介导的 dUTP 缺口末端标记技术           mediated dUTP nick-end-labeling  
TEM           透射电子显微镜                     Transmission electron microscopy 
PBS            磷酸盐缓冲液                             Phosphate buffer 
DNA           脱氧核糖核酸                           Deoxyribonucleic acid 
PI               碘化丙啶                                Propidine iodide 





















































H2O2压力与氧限制下铜绿微囊藻 PCC7806 的细胞程序性死亡 
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图 1 蓝藻细胞内部结构图 
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